Introduction: In order to solve the problems related to deforestation and meet the ever increasing demands of the growing population, conserving and wise utilization of the remaining forests and supporting it with additional tree planting are crucial. Proper understanding of efficient management technique including seed sowing methods for target species is vital. Research reports and other information on proper positioning of micropyles in field conditions are lacking for Millettia ferruginea (Hochst.) Baker and Delonix regia (Bojer ex Hook.). This study was initiated to assess variations in germination characteristics of seeds sown at different orientations with respect to the micropyle position and to identify the sowing position that gives the best seed germination outcomes for those tree species when measured by selected parameters. Results: Sowing position where the micropyle of the seed was directed downward has shown the best result with regard to speed of germination, mean germination time, mean daily germination, peak value, germination value, and germination percents for both tree species and was significant for D. regia. Conclusions: It is essential to consider the effects of different sowing positions in achieving production targets with good quality seedlings. The seeds of D. regia should be sown in nurseries carefully by positioning its micropyle downward. Moreover, seeds sown with the micropyle positioned upward showed the least results in terms of germination for both tree species (significant in D. regia).
Introduction
For years, several countries have experienced severe loss of forest cover and consecutive land degradation. As part of the global forest clearance, Ethiopia has lost approximately 40 % of its natural forest cover in nearly the last 10 decades (Evans 1992; Legesse 1995) . Large-scale clearance and conversion of forest lands to agricultural and other land use types, the increased human consumption of various forest products, settlement expansion, and intense grazing, which are mostly linked to the exponentially growing population, are major drivers of this fact. As a result, most of the benefits that everyone gets from these resources become limited or totally unavailable. Often, such conversions of natural forests into major land use types accompanied by changes in climatic condition of most regions have negative impact on environmental as well as biological components (Grainger 1993) . Such environmental changes are further aggravated by the rapidly increasing population number throughout the world placing high pressure on the remaining natural resources (mainly forests), which calls for urgent action.
In order to solve the problems related to deforestation and meet the ever increasing demands of the growing population, which will require sustainable use of forest products on sustainable manner, conserving and wise utilization of the remaining forests and supporting it with additional tree planting are crucial. However, several factors are known to have effects on the production of quality seedlings with required numbers. These factors include the availability of essential nutrients, proper soil mixture, sowing depth, viability of seeds, sowing date, and timing and frequency of watering. These determine the germination power of the seeds, the number of seedlings to be emerged, and their quality. Several studies have been carried out on the impacts of these factors and how they are affecting the raising of a required number of seedlings of required quality. For example, sowing depth can influence germination rate and amount and, thus, final number of seedlings in the seed beds (Duryea and Landis 1984) . The nature of the seed itself is a key element in plant production and can influence the success and failures of both natural and artificial regeneration (Bichi 2012) .
While some factors could better be controlled, there still exists variation on the uniformity of germination and number of seedlings emerged above the ground. Some seeds germinate rapidly, others slowly, and some fail to appear above the ground resulting in germination irregularities by extending the time needed for the normal germination. This has occurred even when seeds received similar treatment before and after seed sowing, which might be linked to the different sowing positions, especially in case of lager seeds. Besides, it may also have an effect on the number of seedlings to be emerged after sowing. Such irregular germination extending over a long time is bound to create several practical problems including occupation of nursery beds by the seedlings for long periods of time thereby increasing production costs due to the need for extended tending operations such as watering, weeding, root pruning, and guarding (Legesse 1995) .
The endemic multiple use tree species Millettia ferruginea (Hochst.) Baker, is widely grown in southeastern, northern, central, southwestern, and the northwestern highlands of Ethiopia at altitudes ranging from 1000 to 2800 m. This tree species is commonly retained on farmlands and homesteads in association with annual and perennial crops as well as on homesteads and as shade tree of coffee (Tadesse 1998; Hailu et al. 2000) . Delonix regia (Bojer ex Hook.) is also widely grown in Ethiopia, commonly at roadsides and for ornamental purposes. Because of increasing interest and effort to grow these tree species, understanding the effective techniques of positioning seeds; micropyles at the initial stage of seed sowing is crucial. Research reports and other information on proper positioning of these species micropyles in field conditions are lacking.
Therefore, this study was initiated to assess variations in germination characteristics of M. ferruginea and D. regia seeds sown at different orientations with respect to the micropyle position and to identify the sowing position that gives the best seed germination outcomes for those tree species when measured by selected parameters.
Research methods and materials used
Description of the study area
The study was carried out at the Wondo Genet College of Forestry and Natural Resources' nursery with an area of 1.2 ha and slope varying between 2 and 4 %. It is situated 260 km south of Addis Ababa and 13 km from Shashemene in Southern Nations Nationalities Peoples Regional State at 7°6′N, 38°37′E. The altitude varies between 1800 and 2100 m above sea level.
It occupies both natural and man-made forests. The natural forest is classified as undisturbed, slightly disturbed, disturbed, and very disturbed forest. The natural forest can be described as a "montane forest" containing major species like Celtis africana, Cordia africana, Croton macrostachyus, Albizia gummifera, Podocarpus falcatus, and Millettia species. The main exotic species planted include Cupressus lusitanica, Grevillea robusta, Pinus patula, and different Eucalyptus species.
The climatic condition of the site is characterized by alternating wet and dry seasons and is bimodal, largely reflecting the annual movements across the country of an equatorial low pressure zone, caused by the convergence of dry northeasterly winds with moist winds of southwesterly origin (Erikson and Stern 1987, Zebene 1990) . A period of dry weather is experienced, with little or no cloud cover from December to February. The main rain season occurs from May to September. The annual average rainfall is 1200 mm but varies between 700 and 1400 mm. The mean temperature throughout the year is about 19°C.
Methods
The study was carried out in the field at the nursery of Wondo Genet College Forestry and Natural Resources using seeds of M. ferruginea which were obtained from Awassa seed center, and D. regia, which was collected around the Langano area.
Owing to the uniformity of environmental factors of the study site, a completely randomized design (CRD) was selected and applied. The field layout was made to have four treatments that were four different sowing positions with respect to micropyle positions as described below in Table 1 and illustrated in Fig. 1 .
A nursery soil mixture of 5:3:2 ratios of forest soil, compost, and sand, respectively, was used, and polyethylene tube with a diameter of 8.5 cm was used for all treatments. Before sowing, seeds of D. regia were treated with hot water for half a day (Azene 1993; Bichi 2012) to break the dormancy and enhance seed germination. The pre-sowing treatment was not applied to the M. ferruginea seeds, as its seeds are not dormant. In each treatment, having three replications, 35 randomly picked apparently healthy seeds were sown in polyethylene tube filled with the soil mixture indicated above. Accordingly, 420 pure seeds were used and sown for each tree species. The soil mixture, weeding, size of polyethylene tube, sowing depth and date, amount and timing of watering, and other nursery management activities were kept constant for all treatments and replications. Watering is done twice a day early in the morning at 7:00 a.m. and in the afternoon at 5 p.m. Germination, for this study, is described as a process by which the dormant embryo grows out of the seed coat and establishes itself as a seedling (Bichi 2012) . It was monitored for 40 days. At the 40th day, seeds that did not germinate were checked whether dead, alive, or missing for unknown reasons.
The following seed germination-associated parameters were calculated (Gairola et al. 2011) , and the variations in those parameters were analyzed statistically using one-way ANOVA and Student-Newman-Keuls (SNK):
i. Speed of germination Speed of germination was calculated by the following formula given by Gairola et al. (2011) and Kebede and Yidinekachew (2014) .
where, n = number of germinated seeds; d = number of days; m = mth round count/days
ii. Mean germination time (MGT)
Mean germination time was calculated by the formula given by Ellis and Roberts (1981) MGT
Where, n = number of germinated seed; d = number of days; m = mth round count/days
iii. Mean daily germination (MDG)
Mean daily germination can be calculated by the following formula given by Czabator (1962) and Kebede and Yidinekachew (2014) MDG = Total number of germinated seeds/Total number of days
iv. Peak value (PV)
Peak value was calculated by the following formula given by Gairola et al. (2011) . PV = Highest seed germinated/Number of days
v. Germination value (GV)
Germination value was calculated by the following formula given by Czabator (1962) . GV = PV * MDG For all treatments, seed germination percent in every fourth day was computed starting from the fourth day after the first seed germinated, and a one-way ANOVA was applied to compare the significance of variation between treatments. To identify the significantly varying mean of one treatment to another, SNK was used.
Results
In this study, the objective of assessing the speed of germination, mean germination time, mean daily germination, peak value, germination value, and germination percent of the two tree species was addressed by sowing positions that gave better results of germination. This indicated that under the given conditions, it is possible to rapidly produce vigorous seedlings, while weak or delayed germination is often fatal. The higher the values in those germination characteristics, the better the germination rate of the seeds. Accordingly, the results obtained for each sowing position in each tree species are presented as follows.
Germination of M. ferruginea seeds sown at different micropyle positions
The speed of germination for seeds which micropyle was positioned downward (Mfd) was figuratively the highest ( Table 2 ) and followed by Mfh. Even though the result is not significant, the lowest speed of germination was observed in Mfu, which indicates that sowing by positioning micropyles upward delays the germination speed. The lowest speed of germination was recorded for treatment Mfu. Similarly, the mean germination time for Mfu was lowest whereas the highest was observed for Mfd followed by Mfh. The mean daily germination, peak value, and germination values are similar with the parameters described above. Peak value for Mfd was significantly higher than the Mfu. Even though there was no significant variation, the Mfd had the highest germination percent at all four calculated date intervals (12th, 16th, 20th, and 24th date). The same letter across the row shows significantly different treatment.
Germination of D. regia seeds sown at different micropyle positions
The D. regia seed sown as Drd showed significantly greater speed of germination compared to all other treatments (Table 3 ). There was no significant difference between other treatments (Dru, Drh, and Drc). The mean germination time for the treatment Drd was also significantly greater than other treatments. Other treatments (Dru, Drh, Drc) were not significantly different to each other. The Dru showed the lowest value indicating that positioning the micropyle upwards while sowing delays germination in a seed with such morphology. The significantly lowest (P < 0.05) mean daily germination and peak values were observed in Dru, and the Drd showed greater results when compared to other treatments. The germination value of Dru was significantly lower than Drd.
Among treatments, the germination percent showed no significant variation on 11th and 15th days from the date of sowing. On day 19, treatment Drd showed significantly higher germination compared to the other three treatments. There was no significant difference between other three treatments (Dru, Drh, and Drc). On day 23 from the date of sowing, the germination percent for Drd was significantly higher than Dru and Drc. On this date, the Dru showed a significantly lower germination percent than Drh. The germination percent for Dru on 27th day from the date of sowing was significantly lower than other treatments, but other treatments (Drd, Drh, and Drc) showed no significant difference.
The same letter across the row shows significantly different treatments.
Discussion
Creating a forest cover can be accomplished in several ways; for example, initiating natural regeneration (if any natural vegetation exists on the site) and direct sowing on the site, which can be applied in humid and subhumid areas for species with very rapid initial growth and when seeds are plentiful, affordable, and have reliable germination (ILO\UNDP\ 1993) . However, these methods do have their own difficulties in that natural regeneration may not be always possible, and direct sowing has sporadic germination, damage by predators (both to seeds and to the young plants), and uncertainties over the timing of operations (Wood and Burley 1991). As a result, in creating and increasing forest cover, trees often have to be planted by raising seedlings inside nurseries. For its success, it requires raising seedlings of the right species, size, number, and quality (ILO\UNDP\ 1989) . Often, getting such seedlings with required quality and number is determined while they are in the nurseries. Hence, various factors that may impact quality seedling production need to be considered and properly controlled. In this study, the seed sowing position with respect to micropyle orientation has been tested for its impact on the germination and quality of seedlings. According to the results obtained, sowing seeds of M. ferruginea and D. regia with the micropyle of the seed positioned downward is most advantageous. Obviously, with seed germination, growth of a plant begins. The first root, called the radicle, will grow out of the seed through the micropyle, and the micropyle is part of the seed where water imbibes into the seed and enhances germination. Naturally, the shoot of the germinating seed has a negative geotropism, and the radicle has a positive geotropism. In managing seed sowing processes, the orientation of micropyle is related with supporting the upcoming response of the seedling to the stimulus (gravity). The downward curvature of the root tipped toward the center of gravity is influenced by biochemical and environmental factors and is considered as an essential characteristic for plant survival (He and South 2006) . According to Coutts (1989) , if the root is displaced from its vertical position or the seeds oriented vertically upward with respect to micropyle, the tip of the root bends downward. Similarly, the roots of the seed sown by positioning the micropyle vertically upright have to curve over the seed itself in order to grow in their normal (downward) direction (Fig. 1) .
The germination condition influenced by orientation of seed is also related to the effect it creates on physiological processes during germination. In seeds of some plant species with higher weight in which extra energy is required to elongate hypocotyls, positioning the micropyle upright reduces germination as explained earlier. In addition to the abovementioned reasons, physiological processes controlled by plant growth hormone have a role. In such situation, the flow of auxin produced in the root tip has limited flow to reach to part of the root with required extent to influence the growth positively (Bhat 2011) . This abnormal chemical process results to poor morphological development and influence germination condition, among others. Therefore, poor metabolic integrity, additional energy demand, and hormone distribution lower the germination results in D. regia seed (Mahgoub 1995; Masilamani et al. 1999) .
The roots of the seeds sown by positioning the micropyle horizontally still have to bend downward in order to grow correctly, even though the bending appears not difficult to the extent of vertically upright positioned orientation. Therefore, for this treatment, better germination results were observed compared to positioning the micropyle vertically upright.
For seeds with medium and large morphology, it was easier for roots to emerge and grow if the micropyle is directed downward, following positive geotropism. When the micropyle is oriented downward, the roots of the seed grew easily and directly downward, with no need for bending. Therefore, the observed higher speed of germination, mean germination time, mean daily germination, peak value, germination value, and germination percent for seeds sown by positioning the micropyle downward is related to the ease for the radicle to emerge and grow downward in the normal direction. In general, plant roots grow downward for as they are positively geotropic and hydrotropic. Exploration of nutrients from soil and increasing the framework for anchorage are also advantage of the correctly growing roots.
The speed, uniformity, and rate of germination that varied because of the micropyle sowing position have implications on seedling quality. The seedlings whose roots grow properly (without curving) will establish well for its function, which can improve the performance of seedlings. The curving roots at early stages and non-uniform germination negatively influence seedling performance. 
Conclusions
To meet the ever increasing natural resource demands of the growing population and to solve problems related to deforestation, one has to conserve and wisely utilize the remaining forests. These remaining forests, by any means, cannot satisfy the needs of human beings nor are sufficient to attain an ecological balance. Hence, much effort has to be put in place to raise a sufficient number of quality seedlings in nursery settings. These efforts can increase the tree covers of a country so that some, but not all, problems related to deforestation can be alleviated. A successful plantation establishment requires raising a seedling of the right species, size, number, and quality. Such requirements of seedlings for successful plantations are determined while they are raised in nurseries. The numbers of seedlings to be raised in the nursery also determines the number of laborers in the nursery, the size of the nursery, the area to be planted, and thus labor costs for establishing a nursery and preparing plantation sites. Therefore, once we invest such costs, a special care should be given to produce the required number and quality of seedlings. However, obtaining the required number and quality of seedlings is influenced by many factors; among these factors, the sowing position is indispensible.
The treatment Mfd and Drd, where the micropyle of the seeds was directed in the downward position, has shown to be the best germination condition with respect to the considered parameters in both tree species. The highest germination results for these treatments will help to produce more vigorous seedlings that fit to the field conditions and avoid unnecessary nursery delays and non-uniformity in germination and hence save cost, energy, and time. The treatment where the micropyle of the seeds was sown in the upright position has shown the least desired results; other treatments possessed intermediate results in both tree species. The results are statistically significant for D. regia with regard to most considered germination parameters. Thus, the micropyle sowing position needs to be critically managed for this species where the micropyle is placed in the downward position for better germination and seedling growth. 
